
x 
2 
E 

?SA T M  X - 5 p 0 5 )  

< A SUMMARY REVIEW OF THE SCIENTIFIC FINDINGS 

O F  THE MARINER VENUS MISSION1 - 
By Char les  P. Sonett - L 

1 
luiqc, $f / Ames Research  Center  

Moffett Field, Calif. 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 



A SUMMARY REXIEW OF TKE SCIENTIFIC FINDINGS OF THE 

I .  

MARINER m s  MISSION*+ 

Charles P. Sonett 

Space Sciences Division 
NASA Ames Research Center 

Moffett Field, Calif. 

ABSTFUICT 

A summary review of the sc ien t i f ic  findings of Mariner I1 is 

given insofar as available data allow. The instruments and those 

character is t ics  of the t o t a l  rocket system which a f fec t  the scien- 

t i f i c  experiments axe described. 

and interplanetary resu l t s  and provides descriptive material on the 

The review covers both planetary 

A. INTROIKTCTION 

Between 1959 and 1962 the United States launched three spacecraft, 

Pioneer IV ,  Pioneer V, and Mariner 11, which spent an important mount 

of time in  deep interplanetary space f r e e  of influences such as the 

Earth and the Moon. 

co l l i s ion  course with the planet Venus during which time several s c i -  

Mariner I1 a l so  executed a hyperbolic near- 

e n t i f i c  observations of the planet were made. In t o t a l ,  three kinds of 

observations can be technically abstracted fromthe Mariner I1 mission: 

interplanetary, planetary encounter, and those from the surface of the  

~~ 

*Portions of t h i s  paper were presented at the One-hundredth Annual 

90 appear i n  Space Science Reviews, vol. 2, no. 6. 

Meeting of the National AcadeIsy of Sciences, Washington, D. C. ,  
April  22-24, 1963. 
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Emth. 

measurements and to the encounter measurements of Mariner I1 and 

shall not attempt to include in detail those experiments conducted 

from the surface of the Earth, in which the spacecraft P-S used as a 

radio probe. Those measurements made directly from the ground using 

optical techniques’ or radar measurements2 w i l l  not be discussed. 

The importance of these Earth-bound measurements must not be under- 

estimated, for they are critical to a better understanding of the 

planet. 

This fiisc72ssior, shall  be li&te& t o  t h e  pwfvicles &?& fields 

Mariner I1 (fig. 1) was launched on August 27, 1962 into a minimum 

energy orbit designed to intersect the orbit of Venus some three months 

later. 

weeks - the time required to clear the launch pad and to erect and 
check out the second rocket. 

The total mission consisted in two firings separated by several 

Because of the paucity of published results on Mariner at the time 

of closing this paper, it is not possible to make anything like a crit- 

ical review.’ Therefore the intent is essentially descriptive, though 

the gross aspects of the various scientific findings as they are pres- 

ently known are discussed. 

mation and the breadth of the many disciplines involved, any attempt at 

scholastic completeness of each subject would be a task of Augean 

proportions. Thus the reader is urged, for example, in the case of 

the Venus atmosphere experiments and the interplanetary plasma and field 

Both from the standpoint of available infor- 
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experiments, t o  consider the array of a.milEihle l i t e r z t ~ ~ e  &s the 

proper background. T h i s  material, largely being l e f t  out, i s  never- 

theless t o  be considered as the appropriate framework within which 

each r e su l t  should be c r i t i c a l l y  discussed. 

Since the instrumentation aboard M i n e r  had a strong interdisci-  

plinary flavor,  discussion of the retrieved information suggests a 

subdivision in to  two d is t inc t  classes - interplanetary and Venusian, 

although as we shall see even this  i s  i n  some sense a r t i f i c i a l .  We 

begin with a br ie f  outl ine of the basic character of the spacecraft 

( f i g .  2) forming as it does the very special  kind of platform from 

which a l l  measurements had t o  be made. The bus, or  basic frame, con- 

s i s t ed  of a hexagon with a superstructure and an array of solar ce l l s  

divided between two panels. 

w a s  maintained fixed i n  a heliocentric system. 

spacecraft, defined as the normal t o  the  plane of the hexagon, was 

pointed toward the Sun. 

as the yaw and pi tch axes was done by gas jets andby both Sun and 

Earth seekers. 

During most of the f l i g h t ,  orientation 

The r o l l  axis of the 

Control of the r o l l  axis direction as w e l l  

B. SPACECFULE'T ORIENTATION AND INJECTION INTO 1 N T E W L " A F X  ORBIT 

Figure 3 shows the solar  o rb i t  of both Pioneer V and Mariner 11, 

the  two spacecraft which transmitted interpkmetmy %it=. over a Fer'loB 

of several months. 

standpoint, covering a region extending from 0.7 t o  1 astronomical un i t  

Both orb i t s  are similar from an interplanetary 
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dlstmt fi-oiii tiie %mi. 

minimum energy t ra jec tor ies  made i n  the direction of Venus that the 

i n i t i a l  velocity vector of the spacecraft with respect t o  Earth i s  

constrained t o  the backward hemisphere from the Earth's o rb i t a l  veloc- 

i t y  vector. Thus, the spacecraft spends the be t t e r  par t  of a month o r  

two i n  the immediate vicini ty  of the Ear th ,  a f t e r  which it rapidly 

departs inward t o  intersect  the orbi t  of Venus. 

It IS, iiioreover, a cumon character is t ic  of 

The Mariner was injected into o r b i t  by an Atlas D se r ies  booster 

followed by the Agena B stage having a dual start capability. 

second start of the Agena follows a coast period i n  near-Earth orb i t  

t o  a point where minimum energy injection in to  an interplanetary t rans-  

fer e l l i p se  t o  Venus can be made. 

of two injections,  the first being into a near-Earth s a t e l l i t e  orb i t .  

Constraints upon the launch sequence include proper coverage f o r  

telemetry and command from island, ocean, and land s ta t ions a t  c r i t i c a l  

times as well as range safety f i r i n g  lane requirements. Those familiar 

with this  procedure can appreciate the complexity of even this  portion 

of the launch sequence. 

The 

Technically the process consists 

The process i s  diagrammed i n  Figure 4 showing the various steps. 

The time following s tep 9 and preceding s tep 10 i s  especially r e l e -  

vant t o  the magnetometer experiment since it i s  during the period of 

so la r  acquisit ion but pr ior  t o  Ear th  acquisit ion that the spacecraft 

executes a free roll about the solar direction allowing an in- f l igh t  

check of the prelaunch calibration procedure. It i s  i n  the time 
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period following step 10 that the vplncity n_n_fi pnsitinn ~ . ~ c t n r s  nf 

the spacecraft are accurately determined. From th is  information i s  

developed the f i r i n g  or  midcourse maneuver program where a vector 

velocity increment i s  added so that precise intersection with Venus 

can take place. 

since the nozzle of the midcourse motor i s  fixed i n  the spacecraft 

and the addition of a velocity increment demands a specific orienta- 

t ion.  

power i s  not demanded. 

Figure 5 .  

During this period a new orientation is  established 

During th i s  period scient i f ic  data are not transmitted and solar 

The steps i n  th is  process are i l l u s t r a t ed  i n  

The Ecperiments as a System 

It is of general in te res t  t o  summarize the instruments and 

experiments of Mariner.* 

i n  table  I and table  I1 l ists  the types of measurements. 

ditioning system, basically an encoder buffer, converts analog measure- 

ments into d i g i t a l  format and generally provides the sequence, o r  

data t r a in ,  fo r  modulation of the transmitter. 

The division of weight and power  i s  shown 

A data con- 

Data storage o r  buffer- 

illg was  =rn.ri,c?ecl fer SSEe Sf t h e  CSSfiC rzy eqe rh -n t s .  

Specifically,  two modes of operation were provided: cruise, f o r  

interplanetary space, and encounter when near Venus. 

i s  re~-ne:ent.cd by ~ 1 .  rrfrsnerr cnnslsting nf 21 eigbt-hit  Vnrfis; 

nate transmission of this frame and the engineering data frame was 

The data cycle 

.Alter- 
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made during cruise! the lat ter beihg si~ppressed dw-ing enzcai ter  . 
The frame repet i t ion r a t e  was every 37 seconds during cruise  corre- 

sponding t o  8.33 bi ts /sec and being increased t o  once every 20 seconds 

during encounter. 

c. ENCOUNTER 

We sha l l  consider first the encounter of Mariner with Venus and 

follow th is  with a discussion of the interplanetary portion of the 

f l i g h t .  

viewpoint of Venus, the spacecraft approached from above and behind 

the planet - that is, an overtaking col l is ion began from above the 

plane of the planet ' s  ecpator on the dark s ide and ended on the day 

s ide i n  the southern hemisphere. 

were party t o  the  planetary measurements. 

The encounter geometry i s  i l lus t ra ted  i n  Figure 6. From the 

I n  a sense, a l l  the instruments 

1. Microwave W s s i o n  

Microwave emission from Venus was f i r s t  observed by Mayer, e t  a l . ,  

at 3.15 cm where the intensi ty  was twice that expected from a black 

body having an infrared temperature o f  Venus (225' K) . The equivalent 

temperature continues t o  r i s e  with wavelength u n t i l  3 cm, when it is  

about 600' K, u n t i l  21 cm. 

Variations of disk temperature with solar  phase are  especially 

d i f f i c u l t  t o  measure because of the great variation i n  distance between 
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conjunctions of the planet. 

tion has been especially conflicting. 

can potentially yield information on both symmetric and asymmetric 

limb-limb brightness variations of value in separating emission and 

absorption models for the source of the "nonthermal" emission. 

Data regarding Fhase-temprature vsria- 

Close planetary scanning thus 

The wavelengths chosen for the microwave radiometer were based 

The investigations from Earth of the upon the following rationale. 

steady planetary radiation at wavelengths from 4 m to 21 cm suggest 

a nonthermal emission because the flux increases anomalously toward 

longer wavelength. Contending hypotheses regarding the source include 

a hot surface with preferential atmospheric absorption, a strongly 

radiating ionosphere, atmospheric electricity, and dust friction 

(aeolosphere) . 
make because phase effects seem to be incapable of clean interpreta- 

tion. Some models, notably the hot surface, favor limb darkening 

whereas the ionosphere model, as postulated, suggests limb brightening. 

Also solar insolation should be important only for certain models. 

In swmnary, a one-wavelength l imb-l i rnb scan would be expected to 

differentiate between an optically nondense ionosphere (limb -brightening) 

and a hot surface with selective atmospheric absorption (limb -darkening). 

In the latter instance, it is also necessary to make appropriate assump- 

tions regarding the angular emission law for the surface (e.g., Lanibertian). 

The choice of h = 19 mm was made for this test, the exact wavelength 

Distinctions between these models are difficult to 
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being pa r t i a l ly  dependent uDon the a ~ ~ , i l z b i l f t y  of equipment from the 

Mariner A program. The 13.5-mm channel also included i n  this experi- 

ment resides at  the center of a rotational band of H20. 

follows tha t  nonproportional limb absorption between the two channels 

should be indicative of the presence of H20. 

Then it 

In-f l ight  calibrations of the microwave radiometer during the 

interplanetary cruise mode were made about every 4 days. 

tube, as conventionally used in  Earth-based calibration routines, was 

employed. Both gain and zero level shifts occurred i n  this equipment 

during cruise. 

not sh i f t ing  into the slow (O.lo/sec) mode upon intercepting the 

planetary disk. 

A noise 

The decrease i n  gain was the basis f o r  the scan mode's 

The scanning program was determined by the signal leve l  of the 

microwave radiometer, and the performance of both th i s  instrument and 

the I R  detector had scans locked t o  the former. 

defined by the ec l ip t ic ,  the scan program i s  as depicted i n  Figure 7. 

Microwave radiometer amplifier in-f l ight  changes are  taken t o  be the 

cause of scan modifications which resulted i n  a modified data program. 

-During the  scan, the planetary distance necessarily vaxied. Thus the 

surface resolution was nonconstant. 

With a gr id  system 

The microwave instrument was a simplified design based upon a 

four-channel device or iginal ly  intended f o r  Mariner A. 

switching system with al ternate  signal and free-space reference was 

A Dicke 
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i 
I .  

I -  

fed in to  a c rys ta l  video detector followed by an m ~ l i f i e r ,  

synchronous detector, and f i l t e r  w i t h  T 20 sec. The antenna 

system included an -50-cm parabolic re f lec tor  with a serrated sur- 

face t o  eliminate specular reflection a t  opt ica l  wavelengths. 

Antenna beam widths were 2.2' and 2.5' with side lobe power down 

23 db. 

Barath, e t  al., is  given i n  tab le  111. 

A summary of the radiometer character is t ics ,  taken from 

A t  the time of this writing only a preliminazy reduction of 

the microwave radiometer data has been published.5 

r e s t r i c t ed  t o  the 19-mm channel. From the for tui tous circumstance 

of cancelling malfunctions i n  the scan mechanism a th i rd  scan was 

made across the sunl i t  hemisphere. The three scans yield 

This i s  

Dark s ide 460' 569' K 

Terminator 570' 585' K 

Light side 400' 560' K 

a t  19 mm according t o  the experimenters. 

ference i n  temperature occurs across the planet, implying e i the r  a 

surface heated uniformly or a hot atmoqhere th~rmgk>/ -&e& i n  

v i e w  of the c lear ly  apparent limb darkening, the former choice i s  

indicated. The indications from these data shown in Figure 8 are 

inconsistent with the ionosphere model, a view b kee~ing -i.,%%h the 

d i f f i cu l ty  i n  maintaining suff ic ient  ionosphere i n  the presence of 

Thus, no s ignif icant  d i f -  
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what appears t o  be an inadequate magnetic f i e ld ,  that. is, icsiSficieilt 

magnetic inhibit ion of recombination. 

Since these data have not been corrected f o r  antenna beam width 

or  fo r  the time constant of the circuitry,  the apparent limb darken- 

ing should be reduced t o  about half the value shown. The poss ib i l i ty  

of an ionosphere as the primary contributor t o  the centimeter br ight-  

ness of the planet seems t o  be ruled out because the kind of iono- 

sphere needed would jus t  be approaching opt ical  depth at  1 cm, i n  turn 

implying a limb brightening. Further, the lack of noticeable asym- 

metry i n  the f i r s t  and last scans i n  Figure 8 i s  indicative of l i t t l e  

dependence of the centimeter temperature upon the phase. 

the observed limb darkening i s  consistent with the model of the venu- 

s ian environment having a high temperature originating deep i n  the 

atmosphere o r  at  the  surface of the planet. 

The lack of a significant phase effect  i n  the centimeter radia- 

In short, 

t ion  from the planet suggests that the emitting layer i s  being heated 

i n  a manner re la t ive ly  independent of the direction of the incident 

solar  radiation. 

is being kested f r v m b e i o w  t o  the temperatures indicated, an a t t r ac t ive  

poss ib i l i ty  i s  that strong l a t e r a l  convective mixing must take place 

i n  the lower atmosphere of Venus. 

atrrlslsFheric engine wouid be the Sun with the heat being distributed 

i n  a uniform manner t o  the dark side. 

Since it appears unlikely that the  planetary surface 

The primary heat source fo r  the 

This possibi l i ty  does not ru l e  
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out an aeolosphere model. 

model might be expected t o  display some kind of convective pattern; 

that i s  t o  say, a heat engine would exist w i t h  water perhaps playing 

a ro l e  i n  the creation of clouds and the establishment of a super- 

adiabatic lapse rate. 

does not s a t i s fy  the need f o r  the l a t e r a l  convection applied by the 

lack of a phase effect .  

On the  other hand, any kind of a greenhouse 

However, even th i s  kind of ver t ica l  convection 

2. Infrared Profi le  

The problem of convective ins tab i l i ty  i n  the Venus atmosphere 

i s  suggested by the changeable cloud pat tern seen by telescope from 

the Earth. 

the  question of convective ins tab i l i ty  of a cloudy layer seemed t o  

be a problem of substance which could be attacked by means of a close 

scan of the  planetary surface at appropriate wavelengths. 

manner of t h i s  determination u t i l i zed  a two-channel photometer with 

response centered at 10.4~ i n  a rotation-vibration band of CO;! and 

at  8 . 4 ~  

region of t he  Venus atmosphere. 

A t  the  time the experiments were designed f o r  Mariner 11, 

The exact 

thought t o  be representative of a very transparent spectral  

Thus the dual scan would be expected t o  display different bright 

ness temperatures i n  the two channels if  a mixture of carbon dioxide 

and other gases were being examined. 

the scat ter ing f’unction is  relat ively independent of wavelength i n  

Scanning of a cloud fo r  which 



-12 - 

this interval should provide the s ~ n e  brightness temperatiare in both 

channels. 

vertical convection pattern exists might be a display of alternate 

regions corresponding to clouds and openings. Clearly, l i n i b  attenua- 

tion and phase effects might well be a product of such an experiment, 

especially with the relatively unknown makeup of the atmosphere. 

A third alternative especially in situations where a strong 

The design of the instrument finally chosen is shown schematically 

in Figure 9 as taken from the papers of Chase, et al.6,7 Reference to 

a disk whose temperature was measured directly was made at the end of 

the scan. 

swept together and were boresighted together with the microwave radi- 

ometer. The system employs conventional signal chopping and synchronous 

detection. 

The chopper made the detection synchronous; both channels 

Further details are to be found in the referenced literat~re.~ 

In Figure 10 are depicted the response curves for both IR channels. 

We have also reproduced from the paper of Chase, Kaplan, and Neugebauer 

the angular response of the 8p 

demodulation was provided by a telescope observing free space. 

"black-body" plate with a temperature-sensitive resistor provided a 

calibration check at the limit stop of each scan when the plate covered 

the viewing field of the photometer. 

channel (fig. 11). Reference for the 

A 

The substance of this experiment i s  contained in Figure 12 which 

shows the uncalibrated infrared radiometer data plotted against the. 

The scan pattern is the same as employed for the centimeter wave 
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side scan shown on the l e f t  of the figure followed by the  terminator 

scan and the  sun l i t  scan are displayed. 

interlaced as skiij-m, both f o r  the 8.9- and l O . h i c r o n  chmnels. 

The calibration sequences me 

The 

calibration takes place a t  one end of the angular motion of the radi- 

ometers. Thus there is  a double calibration i n  each instance. The 

s l igh t  difference i n  the levels fo r  the  two calibrations i n  a group 

is  due t o  interference with s t ructural  menibers of the spacecraft f o r  

one case. 

The experimenters report a s l i g h t  linib darkening ef fec t  f o r  the 

10.4-micron channel. The figure shows a s l igh t  difference between the 

center and the linib scans. The difference being symmetric indicates 

that the temperatures measured are  independent of the direction of 

solar  l ighting. 

I 

The 8.9-micron data on the f igure also show a linib 

darkening effect  which is  mre pronounced than fo r  the 10.4-micron 

channel and, f’urthemre, is  asymmetric. This material cannot be dis- 

cussed i n  an absolute context because of the lack of information 

regarding the calibration of the instrument and because of some d i f f i -  

culties with the  circui t ry .  Nevertheless, the experimenters a t t r i bu te  

of 10.4-micron channel data t o  a real  e f fec t  which seems t o  indicate 

that extrapolation of these considerations t o  the 8-micron channel i s  

real. 

10.4-micron channel as it was f o r  the centimeter wave radiometers. 

It i s  t o  be noted that  again a phase effect  i s  lacking i n  the 



-14- 

On the of.her hand-, a s l igh t  phase effect  seems t o  exist i n  the 8-micron 

channel. The most basic conclusions which can be drawn from t h i s  

experiment are tha t  both infrared radiometers look through essent ia l ly  

the same amount of atmosphere, and l i t t l e  if any i r regular i ty  was seen 

during the scan periods, indicating that i f  a cloud-top s t ructure  were 

being scanned, no breaks i n  the clouds were seen. 

the experimenters that a continuous cloudy region was being observed 

and that the transmittance of the medium between the radiometer and 

the scanned region was essent ia l ly  the same f o r  the two channels. 

A small amount of carbon dioxide seemed t o  be present i n  the upper 

atmosphere because of the s l igh t  limb darkening i n  the 10.4-micron 

channel. 

8-micron channel remains t o  be explained, but i s  presumably due t o  a 

stronger absorption effect  and is s l igh t ly  dependent upon the direction 

of the incident solar radiation. 

open f o r  speculation. 

data indicates that the clouds exist  above a region of convective 

ins tab i l i ty ,  t ha t  i s  t o  say, i n  a region i n  which an adiabatic o r  sub- 

adiabatic lapse rate exists. Therefore, this  region may w e l l  not be 

connected with the lower regions of the atmosphere i n  the sense of a 

highly s t i r r e d  medium. 

the two channels as compared t o  the differences seen i n  the calibrations 

It i s  concluded by 

The stronger limb-darkening ef fec t  and i t s  asymmetry i n  the 

The origin of the absorption remains 

It seems clear that the unbroken pattern i n  the 

The s l ight ly  different temperatures seen i n  

f’urther indicate a minor difference in  brightness temperature, with the 
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ca-?mz <imide o r  10e4-micron channel showing a s l igh t ly  higher t e m -  

perature than the 8-micron channel. 

conclusions t o  be drawn are the lack of an apparent pattern of con- 

vecti-re i n s t ab i l i t y  together with a lack of a prominent phase e f fec t ,  

indicating, perhaps, that if  a greenhouse e f fec t  exis ts ,  heat mst 

be transported i n  an e f f ic ien t  manner from the sunlit hemisphere t o  

the dark side and without an obvious pattern of convection a t  the 

a l t i tudes  of the uppermost clouds. An aeolosphere model would also 

provide the lateral heat t ransfer  i n  the  lower atmosphere. 

Perhaps the most important 

Magnetic Fields 

Ekcept f o r  some not generally accepted views on the modulation 

of the galactic cosmic radiation o r  solar phenomena by planetary bodies 

as seen from E a r t h ,  the  only presently available experimental t e s t  f o r  

a planetary magnetic f i e l d  depends ei ther  upon the detection of a syn- 

chrotron continuum, as in  the case of Jupiter,  o r  e l se  a direct  

measurement a t  the planet. 

Generally, evidence f o r  a magnetic f i e l d  should be consistent with 

plzA&ax--,. spin8 i ~ t e n * a l  cms$.it . i~tinn whi ch wuuld not inh ib i t  

convection, though a recent theory by Malkusg voids the requirement f o r  

spin. In  any event, present radar evidence concedes, f romthe  narrow 

l i n e  przfile cf the  r e + ~ n ~ e d  sigzalj a sm.11 likelihood of appreciable 

spin f o r  Venus.2 This conclusion necessarily requires the admission of 
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a nonspeci-ilar mdgr cress section a t  t h e  f req~encies  used. Ctheniise, 

limb contributions would be strongly suppressed. In  view of the radar 

results, it would be surprising to  f ind a f i e l d  of low order according 

t o  dynamo theories.  

the basis  of Malkus' arguments. 

existence of a planetary f i e l d  would suggest e i ther  a condition of 

small spin, a nominal spin and nonconvective core, or some d i f f i cu l ty  

with present views. 

Higher order f i e l d s  are  perhaps not ruled cut on 

Independently of radar data, the non- 

One finds a d i rec t  magnetic f i e l d  t e s t ,  then, t o  be an important 

t o o l  in  studying the relationship of the different  planetary properties 

enumerated. 

e t e r  experiment; the other reason is  discussed i n  the section on inter-  

planetary physics. 

This was one of  the two reasons fo r  including a magnetom- 

With the Mariner magnetometer operating so tha t  a change of about 

47 would have been seen on any of the axes, no appreciable trends 

above 107 were seen nor were fluctuations l i k e  those which seem t o  be 

character is t ic  of the Earth's magnetospheric termination ever detected.1° 

The lack of any indication of a planetary f i e l d  from these data obtained 

on the solar  side of the planet allows an upper bound t o  be placed upon 

the magnitude of the Venus dipole. 

t h i s  value a t  less than 1/10 the Earth's magnetic moment i f  the Venus 

dipole were approximately normal t o  the e c l i p t i c .  

accurate estimate may now be made using as an analogue the resu l t s  of 

A conservative view would place 

A perhaps more 
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, C a h i l l  and Amazeen.ll They report a sharp boundary was observed from 

t i m e  t o  t i m e  on the sunward side of the E a r t h  with the expected 

doubling of f i e l d  near the subsolar termination. 

used f o r  the case at hand, and a dipolar geometry i s  assumed, a bound- 

ary showing a discontinuity of more than lo7 

Cytherian f i e l d  of mre than -57 

tance t o  the planetary center i s  4.1X104 Ism, compared with the Eazth's 

equatorial  f i e l d  at  that distance, the Venus dipole i s  less than 1/20 

that of the E a r t h ,  as suggested earlier. Clearly, the constraints 

on f i e l d  multipolarity and orientation i n  th i s  calculation do not 

ru l e  out more complex f ie lds .  

If t h i s  property i s  

i s  unlikely. Thus a 

i s  not indicated. Since the dis-  

A t  the same time that the magnetic f i e l d  survey was under way, 

the array of cosmic ray apparatus was available f o r  the detection of 

trapped radiation. 

Frank, e t  al .= 

t ive ,  the reader i s  referred t o  the l i t e r a tu re  f o r  de ta i l s .  It i s  

important t o  recognize that nothing essent ia l ly  different  from the 

magnetometer resu l t s  would be expected t o  be fauna by the cosmic 

ray detectors. 

A discussion of some of these resu l t s  i s  given by 

Since a l l  cosmic ray resu l t s  were essent ia l ly  nega- 

The poss ib i l i ty  remains that on future f l i gh t s  orbi ts  

might be made closer t o  planetary bodies. 

detai led calculation with respect t o  f i e l d  geometries can be 

expected t o  disclose whether radiation can be trapped with suffi- 

c ient  s t a b i l i t y  and acceleration t o  make t h i s  means of detection 

In th i s  event only 
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competitive with the more obvious use of magnetometers, the  l a t t e r  

allowing a rather  d i rec t  study of higher harmonics of the f i e l d  t o  

be undertaken i n  a re la t ively straightforward manner. 

D. -AFX EXPERIMENTS 

A necessary and suff ic ient  model f o r  the interplanetary cavity 

must explain certain cosmic ray phenomena seen on Earth, such as 

the modulation of the galact ic  cosmic radiation, Forbush decreases, 

secular variations, and the propagation of solar  cosmic rays and 

other debris of solar  f l a r e  explosions. 

blems and the construction of an appropriate model would be v e r i f i -  

cation of the existence of a solar wind. Because of va r i ab i l i t y  i n  

the interplanetary medium, it may well turn out t ha t  the  quiet  t i m e  

physics of the  interplanetary cavity i s  fundamentally d i f fe ren t  

from t h a t  which ex i s t s  during times of extreme solar  disturbance. 

The interpretat ion of comet observations, especially by Biermann 

and h i s  group, has provided the basis f o r  several important models. 

Among these, perhaps the best known is tha t  of Parker,13 suggesting 

a reasonably ordered hypersonic flow of plasma outward f romthe  Sun. 

Other models, notably tha t  of Cocconi,14 infer  a considerably more 

disordered outward propagation of gas. Gold’s considerations have 

been primarily with the physical processes which take place during 

storm times. 

Central t o  a l l  these pro- 

15 
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1. The Solar Wind 

The first detection of  plasma i n  interplanetary space is  

clear ly  assignable t o  the experiments of Gringanz, e t  al . ,  on the 

Lunik flights. '= Fluxes of lo8 t o  lo9 see'' were detected 

with ion traps following a design of Boyd. 

m i n e r  I1 i s  the first spacecraft t o  study the solar wind 

phenomenon over a suff ic ient ly  long period of time t o  remove rea- 

sonable doubts as t o  the general presence of such a phenomenon. 

With the magnetometer and the cosmic ray detectors aboard t h i s  

spacecraft, it seems clear t h a t  we can now begin t o  l ay  the basis 

f o r  a c r i t i c a l  evaluation of processes which take place i n  the 

interplanetary cavity. The solar plasma detector shown i n  Figure 

13 consists of a curved plate e lec t ros ta t ic  analyzer of cylindri- 

c a l  geometry i n  which the deflecting force i s  provided by an elec- 

t r i c  f i e l d  across the p la tes .  

d i f fe ren t ia l  analyzer w a s  swept was from 240 ev t o  8400 ev i n  10 

steps.  

the Sun, w a s  sensit ive t o  posit ively charged par t ic les ,  had an 

angular acceptance of roughly 10 percent, and had energy resolu- 

t i on  of 1 2  percent. 

meters square. 

The energy range through which the 

The detector opening was always pointed accurately toward 

The entrance s l i t  was  approximately 5 centi- 

Plasma w a s  seen a l m o s t  continuously with t h i s  instrument; 

bulk veloci t ies  were from approximately 500 t o  TOO kilometers per 
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seccnd 7 ~ 2 t h  ~ c c a s i c p d  *cp z~c.,reases i n  these y&iAes, ?--WE 

a bif'urcated spectrum w a s  noted with peaks separated generally by 

a fac tor  of two i n  energy. Since the instrument w a s  not designed 

t o  d i f fe ren t ia te  between different constituents having the same 

charge-to-mass ra t io ,  a l i k e l y  explanation suggested by the experi- 

menters i s  that the upper peak was due t o  alpha par t ic les .  

the steep angular dependence of the response requires that the data 

be corrected for  aberration. For typical  solar  wind veloci t ies  

t h i s  l a t t e r  e f fec t  requires an increase of a factor  of about two 

i n  the net flux measured. 

Finally, 

The resu l t s  of this  experiment a re  summarized by noting that 

a plasma flow w a s  always observed during the f l igh t ;  it agreed i n  

in tens i ty  w i t h  Lunik and Explorer measurelllents and often displayed 

a s p l i t  o r  bif'urcated spectrum, suggesting an alpha par t ic le  com- 

ponent w i t h  the same bulk velocity as the protons; and l a s t l y ,  the 

velocity was  "supersonic." The energy density found almost always 

exceeded that of the magnetic field;17 the disordered or tempera- 

ture energy density suggests more nearly equiparti t ion with the 

f ie ld .  

Velocity v a r i a b i l i t y  of the wind showed a 27-day periodicity 

and was coincident with a ser ies  of periods of enhanced geomagnetic 

a c t i v i t y  (M-region storms). 

detai led t i m e  resolution than  that given i n  Figure 12  suggests t o  

This i s  shown i n  Figure 14. A more 



-21- 

Snyder and Neugebaueri" that the r a t e  of change of plasma veiocity 

might be correlated closely w i t h  variations i n  the amplitude of the 

interplanetary f i e ld .  All of this suggests the existence of vari- 

able velocitybeams emitted f romthe  Sun with a mixing interaction 

taking place at  the juncture of adjoining streams.lg Although the 

de ta i l s  of the general resu l t s  may s t i l l  be obscure, the convective 

supersonic model of Parker with a 1 to  2 million degree corona seem 

t o  f i t  the f ac t s  best.20 

2. Magnetic Fields 

P r i o r  t o  the d i rec t  evidence f r o m  Pioneer V the existence of 

a more or  less everpresent magnetic f i e l d  was  deduced fromtime var- 

ia t ions i n  the galactic cosmic ray flux. From Pioneer V the presence 

of a steady f ie ld  of - 2 . 5 ~  as a quiet t i m e  feature  was deduced, though 

the geometry of the experiment suggested that this f i e l d  made a large 

angle with the ecliptic.21 There were obvious d i f f i cu l t i e s  i n  recon- 

c i l i ng  this  resu l t  with the hydromagnetic requirements of a solar wind 

and with the propagation t i m e  features of s o l a r  cosmic rays. 

th is  experiment, occasional interplanetary storms were a l so  seen; 

special  emphasis centered about the  March 30 - April 1, 1960 events.22 

During 

Turning t o  the Mariner f l i g h t ,  the geometry used f o r  the 

magnetometer experiment i s  shown in Figure 15. 'The symbols X, Y, 

and Z Z 

pointing away f romthe  Sun and being directed along the r o l l  axis 

define a mutually orthogonal system of un i t  vectors with 
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crf the spcecrs l f t .  The p lwe C e f i ~ e C  by the %xes Y mfi 2, i c t e r =  

sects  the Earth by vir tue of the Earth tracker which r o l l s  the space- 

c ra f t  into such a posit ion as  t o  always t rack the Earth along t h i s  

direction. X ther, i s  defined as the remining mutually orthogonal 

vector i n  a l e f t  handed sense. 

Z points along the radial  component of the interplanetary magnetic 

f i e ld ,  and the plane defined by the u n i t  vectors X and Y contains 

the other two components of the f i e l d .  

phase of the voyage of Mariner I1 included a residual r a t e  of r o l l  

of the spacecraft introduced by the launching process. 

steady interplanetary magnetic f i e l d  should have displayed a sinus- 

oidal  var ia t ion f o r  the sensors X and Y. The ro l l ing  cycle w a s  

u t i l i z e d  f o r  calibration of the X and Y sensors. The Z axis  

component of the f i e l d  cannot, however, be known absolutely by t h i s  

means and other procedures are being explored. 

of the magnetometer data indicates that one of the most important 

r e su l t s  i s  the convincing evidence tha t  interplanetary space i s  

ra re ly  empty or f i e l d  free.23 Magnetic f i e l d s  of a t  l e a s t  a few 

gamma are  nearly always present except, perhaps, fo r  occasional 

t ransient  nul ls  as shown i n  Figure 16. Here cp i s  the angle 

defined by the arctangent of the r a t i o  of the 

thus indicating the angle the transverse component of the f i e l d  

makes with the ec l ip t i c .  

Therefore, i n  a heliocentric system, 

The imedia te  postlaunch 

Thus a 

Preliminary analysis 

X and Y components, 

The magnitude of the f i e l d  component along 
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the X and Y directions agrees reasonably well with the Pioneer V 

observations. 

small magnetic ac t iv i ty ,  often making a substant ia l  angle w i t h  the 

ec l ip t ic ,  

storms, and f a l l i n g  t o  about 2 gamma during very quiet times. 

The magnitude is  typically 5 gamma during times of 

r i s ing  to  values of 20 garmna o r  more during magnetic 

A number of magnetic storms took place during the f l i g h t  of 

Mariner 11. 

i o r  of the plasma stream during such times. It i s  generally t rue 

tha t  the energy a t  peak flux sh i f t s  t o  higher levels  during times 

of disturbance as can be seen on t h i s  diagram. 

that the ordered energy density of the solar wind does increase dur- 

ing times of geomagnetic disturbance. However, the plasma v o l w  

density, a t  l e a s t  f o r  these storms, never reaches values suggested 

by e a r l i e r  investigations and simple mde l s  of e i ther  the undis- 

turbed o r  disturbed t i m e  interplanetary magnetic f i e l d  do not pro- 

vide a clear  re la t ion  t o  the data. 

Figure 17 i l l u s t r a t e s  the more or  l e s s  repeated behav- 

It i s  clear  then 

Two different  storm events that  occurred during the f l i g h t  

have been examined i n  more detai l .*  

( f ig .  18) i s  l i s ted  as a gradual commencement event, though ea r l i e r  

l i s t i n g s  proposed a sudden commencement. 

The storm of October 7, 1962 

The i n i t i a l  phase was  

n z - 1  .a ---l..-- -..,.+-a L~~~ -,"+ 
111c .I.IC.LLL V a - L u C D  quvuLu L L b A b  V luov,  at t h e  t k 3  Df txs %Tit in& 

be taken as tentat ive and subject t o  correction, though it i s  not 

thought t ha t  the gross features are l i ke ly  t o  change by much i f  

corrected. 
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strong i'ne u&ii p h s e  2 ~ g e 1 ~ r a t e .  College shewed l i t t l e  st.03- 

ef fec t  during t h i s  period. 

from the Earth approximately on the l i n e  joining the Earth and Sun. 

The primary character of the interplanetary medtum i s  assigned 

During t h i s  time Mariner I1 was -0.06 AU 

by analysis of the magnetometer and plasma data, the l a t t e r  of which 

has been summarized by Snyder and Neugebauer. 

features of the plasma data are  given i n  Figure 19 which is  a photo- 

graph of a model of both plasma and f i e l d  fo r  the i n i t i a l  two hours 

encompassing the beginning of the interplanetary disturbance. 

i n i t i a l  ac t iv i ty  consisted of a decrease t o  an undetectable l imi t  

of channel 3 (520 ev/Z) of the plasma probe, together with changes 

i n  channels 4, 5, and 6 (generally increases i n  f l u )  and a switch- 

ing on of channel 7. 

frame of the plasma probe (-3.5 minutes). 

plasma change the magnetic f ie ld ,  shown i n  Figure 20, displayed a 

pulse-like r i s e  from -7 to  167 immediately followed by a p a r t i a l  

relaxation t o  about lo7 which, i n  turn, w a s  followed by many hours 

of turbulent f i e lds .  

hours i s  given i n  Figure 21. 

The most prominent 

The 

A l l  these events occurred during one data 

Simultaneously with the 

A swmnary o f  t h i s  storm f o r  a period of 32 

The conclusions of these data a re  tha t  the solar  cloud causing 

the storm of October 7, 1962 was l ed  by a shock wave of strength 

-2 and tha t  the shock may have been strongly oblique and w a s  asso- 

c ia ted with a.n increase i n  gas temperature. 
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Th2 5,Tlications from t h i s  s t o r m  a re  that the solar  gas 

pressing outward into the solar system originated on the Sun i n  a 

region lying t o  the south of the ec l ip t i c  plane. Since i n  October 

the north pole of the Sun nearly points t o  the Earth, it i s  not pos- 

s ib l e  t o  assign the disturbance t o  a southerly solar  la t i tude .  

i s  suggested, however, t ha t  since the shock normal was  northward 

with respect t o  the ec l ip t i c  plane and pointed i n  the direction of 

the Earth 's  velocity, the solar  gas o r  b l a s t  gas traveled mainly 

below and under the Earth and struck the planet a glancing blow suf- 

f i c i e n t  t o  cause a strong sudden commencement and i n i t i a l  phase ,but 

insuff ic ient  t o  imrnerse the Earth i n  a plasma cloud deeply enough 

t o  produce the expected main phase decrease. 

an M region beam rotating with the Sun and s t r ik ing  successively 

the spacecraft and Earth would not be l i k e l y  t o  display the t r a n s i t  

t i m e  pat tern measured but cannot be completely ruled out a t  t h i s  

t i ne .  

It 

Arguments based on 

The interplanetary disturbance f o r  September 11, 1962 i s  

considerably m r e  d i f f i c u l t  t o  identify.  

starts a t  0520 GW, no shock i s  ident i f iable  i n  space from 00 hr  t o  

0300 and i s  therefore presumed absent. Tentative ident i f icat ion of 

the disturbance begins a t  0106 GMT, from the plasma data which show 

a sudden jump i n  flux by a factor of 6.5 with l i t t l e  o r  no heating. 

The attendant f i e l d  measuremnts are shown i n  Figure 22, the f i e l d  

Although the Earth storm 
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showing a small decline i n  amplitude from -97 t o  -67 

point northward (normal t o  the ec l ip t ic ) .  

i t y  i s  460 +4O b / s e c .  

order from -0.3 t o  3 cm'3 during th i s  t i m e .  

i t y  was -lo8 cm/sec f o r  a f i e l d  of  % 

-100 h / s e c .  Clearly, i n  the frame of the moving gas, the plasma 

density gradient moves at a subsonic o r  sub-Alfv&n velocity. 

the view i s  tentat ively adopted that f o r  this storm the gas cloud 

i s  propagating with a shockless transit ion layer ahead. 

the expected r-2 

seems l ikely,  if the AlfGn velocity were the dominant factor  i n  

determining the Mach number, that a shock had never existed. 

continuing t o  

The ordered plasma veloc- 

The plasma volume density varies over one 

Thus the A l f v b  veloc- 

and the sound velocity 

Thus 

In  view of 

dependence of both f i e l d  and plasma density, it 

3. Cosmic R a y s  ' 

m i n e r  i s  especially w e l l  adapted t o  the survey of cosmic 

radiation en route t o  Venus, because of the variation i n  range from 

1 AU inward t o  0.7 AU. 

Sun completed nearly four revolutions, the spacecraft traversed 

more than 1/4 the distance around the solar  system while nearly 

continuous flux measurements were made. 

par t  of the solar cycle and thus it was reasonable t o  expect that 

the more obvious aspects of solas: act ivi ty  might be suppressed. 

theless, the occurrence of M-type storms, the presence of low-energy 

par t ic les ,  time variations i n  the galactic f lux ,  and the search f o r  a 

During the f l i gh t  from E a r t h  t o  Venus, the 

The sun was i n  the waning 

Never- 
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r ad ia l  gradient appeared t o  be reasonable kinds of effects  t o  invest i -  

gate. This is  especially t rue  when viewed from the standpoint of the 

lack of any pr ior  survey over as extended a t i m e  o r  distance i n  in te r -  

planetary space. 

indicated by the close approach t o  Venus allowing a test t o  be made 

A by-product of cosmic-ray survey experiments i s  

f o r  trapped radiation. 

f i e l d  i s  perhaps more indirect  than it would be with a magnetometer 

In  t h i s  instance, the  evidence f o r  a magnetic 

since a complex f i e l d  not especially suitable f o r  s table  trapping 

might s t i l l  be present. Nevertheless, such a quest has the appeal 

of simplicity if  detectabi l i ty  alone i s  the primary cr i ter ion.  

In  view of the limited sc ien t i f ic  payload, simple and rugged 

c m t i n g  equipent  was chosen f o r  cosmic ray detection. Reference 

t o  table I shows the t o t a l  complement of cosmic ray counters. The 

ion chasiber was of the integrating pulse Neher design, making of it 

basical ly  a t o t a l  charge integrating detector. One of the GM tubes 

w a s  shielded with absorber of thickness equal t o  that of the ion 

chamber (0.2 gm/c&). 

as was  most (0.16 gm/cG) of one of the GM tubes. 

although of the same absorber thickness, was primarily Be. 

Ion charriber wall material was s ta in less  s t e e l  

A second tube, 

The 

in ten t  was t o  different ia te  between electrons and heavy par t ic les  

by the  strong radiative col l is ion effect  (Bremsstrahling) and 

approximately Z' dependence f o r  electrons. The effect  w i l l  neces - 

s a r i l y  be mixed w i t h  general spacecraft Bremsstrahling and therefore 
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be somewhat complicated. The th i rd  GM tube was of the thin-end 

window variety; window thickness was 7.2 mgm/c$ admitting electrons 

of energy greater than 40 kv. Since the proton threshold is  0.5 mev 

f o r  t h i s  window, especial  in te res t  centers on this detector. 

HA0 preliminary reports f o r  the f l i g h t  period of Mariner 

indicate six class 2 flares (24 August t o  8 November). 

and 7 September were associated w i t h  Ty-pe IV bursts.  

w a s  eas t  l i m b  and not seen by the high-energy detectors. 

23 October event has been reported upon by Anderson24 and Neher and 

suggests a more o r  less classic  solar cosmic ray event with mean 

specif ic  ionization of -1200. 

s ive f i r s t -order  decays characterized by assignable time constants. 

Only 23 October 

The l a t t e r  event 

The 

Decay followed a s e t  of three succes- 

The 213 GM tube i s  reported25 as having registered a base l eve l  

of -1 sec- l  corresponding t o  -5 

than t h a t  reported by ea r l i e r  deep space measurements may be a t t r ibu tab le  

t o  the suppression of the low-energy t a i l  of the galactic flux during 

times of higher solar  ac t iv i ty ,  t o  detection of lower energy primaries 

due t o  the b e t t e r  counter response in the present instance, o r  t o  some 

other effect .  

were seen by the  213 counter on several occasions coincident with 

increased interplanetary act ivi ty .  Only f o r  the October 23 events did 

a l l  counters respond and i n  tha t  instance, as mentioned ea r l i e r ,  at  

l e a s t  heavy par t ic les  of solar  origin are  suggested by the high mean 

sec-l. The somewhat higher r a t e  

Bursts of radiation las t ing typical ly  a day o r  longer 
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q e c l f i ~  icmizat ion;  Tn the other instances, since l i t t l e  other than 

a galactic background i s  suggested by the high-energy counters, it 

is tempting t o  consider the nature of the  enhancement of the 213 rate. 

Even on October 23, the increase from the base leve l  of -5 c& sec-’ 

t o  -500 cm-2 sec- l  compared t o  the rate  of 10-15 cm-2 scc-’ observed 

by Anderson and Neher suggests a strong flux of lower energy par t ic les .  

Whether these are  electrons, ions, o r  both, cannot be to ld  clearly. 

The argument f o r  electrons would res t  upon the Bremsstrahling aspects 

of the data. From the limited information available a t  the t i m e  of 

this writing the apparent lack of any appreciable response at  times 

other than October 23 would suggest heavy par t ic les  as the source of 

the burst  radiation seen by the 213 counter. An investigation of 

riometer data for this  period might shed l igh t  on whether the 213 

events are re la ted t o  E A ’ S .  Also, Anderson and Neher report l i t t l e ,  

if any, galactic gradient f o r  the  period of 31 August t o  15 Noveuiber. 

4. Micrometeorites 

Lastly, an important observation made by the cosmic dust experi- 

~ e n t  c ? ~  Mslriner 11 deserves comment, 

w a s  some two orders of magnitude less than that reported by k b i n  from 

Pioneer I, which i n  turn was considerably less than those reported by 

s a t e l l i t e s .  

small dust par t ic les  near the E a r t h  is substantiated. 

The small par t ic le  flux indicated 

Thxs it. ~~ppea r s  that the hypothesis of a concentration of 

Unfortunately, 
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teiqerab~re preblem C ~ S P ~  E, m.I.f’unction of the micrometeorite 

experiment i n  the vicini ty  of Venus. 

planet w o u l d  have len t  support t o  the model where cislunaz dust i s  

created par t ia l ly  by secondary splash from hyyervelocity cratering 

of primary objects upon the Moon. 

A negative finding for tha t  
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TABU I. - MARINER R SCIENTIFIC INSTRUMENT WEIGEI'S AND 

ELECTRICAL POWER REQUIREMnvTS 

Experiment I 
Microwave radiometer 

Infrared radiometer 

Magnetometer 

Charged particle flux detectors 

Cosmic dust detector 

Solax plasma analyzer 

Data conditioning system 

Power Switching 

Scan actuator 

Weight, 
pounds 

21.87 

2.67 

4.66 

2.78 

1.85 

4.80 

6.41 

1.68 

2.88* 

M a x i m  
electrical power 
reauirement. watts 

8.9 

2.1 

6.0 

0.4 

.08 

1.0 

2.01 

58 

2.5 

46.72 23.57 

I *Not included in scientific instrument package weight. 
(from ref. 2) 
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TABTLE 111. - Radiometer Characteristics 

Item and uni t  

Center wavelength (ma) 

Center frequency (Gcy/sec)* 

Predetection bandwidth (Gcy/sec)* 

Sensitivity, r m s  (OK) 

Calibration signals (OK) 

Time constant (sec) 

Beam width (deg) 

Side lobes (ab) 

Reference frequency (Cy/sec) 

*l Gcy = lo9 cycles. 

(from ref. 3) 

Channel 
1 

1-9 

15.8 

1.5 

1 5  

1500 

40 

2.5 

-23 

950 

2 

13 .5  

22.2 

800 

40 

2.2 

-23 

1050 



Figure 1.- Mariner I1 at lift-off. At this moment began actual 

exploration of the planets (NASA photograph). 

Figure 2.- The Mariner R spacecraft. This vehicle was redesignated 

Mariner 11. 

demonstrating the equipment positions (NASA photograph) . 
The photograph is of a model used for clarity in 

Figure 3.- Ecliptic view of Mariner I1 and Pioneer V showing the 

interplanetary juxtaposition of orbits. 

Figure 4.- Burning and acquisition of the Mariner system shown in 

schematic sequence. The portion of the near-Earth trajectory 

from 6 to 7 is a portion of an ellipse and represents the coast 

period from the end of Agena first burn until intersection with 

the optimum firing point for launch into interplanetary orbit. 

Figure 5 . -  The midcourse maneuver. The object is to trim the total 

velocity vector after determination of the "velocity to be added" 

error resulting from Agena second burn residual errors. 

the spacecraft motor has a nozzle fixed along the roll or symmetry 

Since 

=is of tiie spacecraft, CL- ----+..- <-nnnme.-.+ -em, ,+wae -T\,.nan+c)T. 
bUG V G L U V I  L L L L A L U A L I I U  rbyullb'u u y r r u r v r & =  

mined attitude of the spacecraft obtained by roll and pitch 

maneuvers. Then the spacecraft is returned to nominal inter- 

plailc bcLLL y L W L L L  Lgru Q1 C I I U L A .  
-7 -...-.C-u-r --.-.*< -.-'-, +< -.-. 

Figure 6.- Encounter geometry showing the point of closest approach 

or impact parameter. 
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FIgJre 7 . -  View of Vems d u r f n g  scan w i t h  coordinate system determined 

by planetary equator defined by ec l ip t i c  plane. 

while a t  southerly Venus la t i tudes favoring southern hemisphere 

scans. 

Scans were made 

Figure 8. - Microwave radiometer data showing approximately symmetric 

limb darkening f o r  scans 1 and 3. (Courtesy of Chase, e t  a l . )  

Space reference Figure 9. -  Schematic of the infrared radiometer. 

w a s  used f o r  the synchronous detector and a metal plate  f o r  

calibration as discussed in text.  (Courtesy of Chase, e t  a l . )  

Figure 10. - F i l t e r  pass-band character is t ics  f o r  I R  scanners (from 

JPL TN 32-315). 

Figure 11. - Beam width of @ 

Figure 12.- I R  signals from scan of Venus. 

I R  channel. (Courtesy of Chase, e t  al. ) 

Nearly symmetric limb 

darkening is  evident i n  t h i s  p lo t .  

Figure 13.- Electrostatic analyzer f o r  study of solar  wind. Aperture 

i s  a t  l i f t  bottom and i s  mounted t o  point accurately a t  Sun (from 

JPL TN 32-315). 

Figure 14.- Kp-plasma dai ly  average velocity with strong correlation. 

A and C notation re fer  t o  repet i t ive storm phenomena (from Snyder 

and Neugebauer) . 
Figure 15 . -  Coordinate system f o r  magnetometer. 

Figure 16. - "Daily" variation of magnitude and direction of i n t e r -  

Fluctuating "out 

cp, angle 

planetary f i e l d  during early phase of f l i g h t .  

of ecl ipt ic ' '  component i s  c lear  from variation of 

between e c l i p t i c  and f i e l d  (from Coleman, e t  al.) . 
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-. .c 1gln-e 17. - E-5.latioii of plasri velocity a t  peak fl.G and E t 2 3 S  

as seen on Earth. 

Figure 18. - Gradual corrrmencement geomagnetic storm of October 7-9 

showing a degenerate main phase. 

Figure 19.- Tentative m d e l  of interplanetary disturbance of 

October 7, 1962. 

change and i t s  coll ision-free aspects by the f i e l d  pulse. 

tangled f i e l d s  following are character is t ic  of the subsequent 

many hours. 

The i n i t i a l  shock i s  ident i f ied by the plasma 

The 

Figure 20.- Plan, elevation, and amplitude of interplanetary f i e lds  

f o r  October 7. 

though the gross aspects are thought t o  be a ref lect ion of the 

actual f i e l d .  

These data a re  tentat ive and subject t o  correction 

Figure 21.- Sumnary of the October 7-9 storm showing both f i e l d  and 

plasma averages. 

Figure 22.- T ime  period thought t o  be associated with the large 

Plasma changes are 

Field orientation appears 

geomagnetic storm of September 11, 1962. 

moderate and no shock i s  detectable. 

t o  be the primary identifiable character is t ic .  Again as i n  

Figure 20, the f i e l d  values are  preliminary and subject t o  

revision. 
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